Abstract. In order to further study the process of flue gas desulfurization by citrate process, A numerical model for the removal of SO 2 from packed absorption tower is established by using chemical process simulation software Aspen Plus, The influence of operation parameters on desulfurization efficiency was analyzed and optimized. The simulation results are in good agreement with the literature. The model calculation results show that: The desulfurization rate increases with the increase of pH value and liquid gas ratio of the absorption liquid;With the increase of inlet mass concentration of SO 2 and the increase of inlet flue gas flow rate, The results show that the pH value and the liquid gas ratio are the main factors affecting the flue gas desulfurization efficiency of citrate process. The established model of citrate flue gas desulfurization process is accurate and reasonable, The simulation results can provide reference and reference for the actual operation of desulfurization system and the influence of various operation parameters on desulfurization efficiency.
Regression thermodynamic equilibrium model
Processing of phase equilibrium experimental data According to the experimental data of [1] using regression software to carry on the regression function of thermodynamic equilibrium operation, the new Properties-Data in the three data sets, which were named as VLE1, VLE2, VLE3, Setup in Category Phase equilibrium Data type option is selected; choose "TPXY" data type. Fill in the following table, as: In Regression, the new regression models are Wilson, NRTL, and UNIQUAC (because the three models can describe the system better by choosing the experience of the thermodynamic model). The phase equilibrium model obtained by the regression of three thermodynamic models and the two element interaction parameters of sulfur dioxide and citric acid described by different thermodynamic models are obtained｡ Different thermodynamic models describing the sulfur dioxide citric acid two element interaction parameter are presented below: 85 By comprehensively comparing the two element interaction parameters described by the three thermodynamic models, it is found that the NRTL thermodynamic model is the most appropriate to describe the process. Therefore, the NRTL thermodynamic model is selected to do the calculation after the simulation, and the SO2 / citric acid two element interaction parameter is taken as the calculation model.
Simulation Results
Detailed information about the logistics components and status parameters of each node of the system is listed in table 6-7｡ 8106 Enter the necessary given conditions and restrictions, as aforesaid under the assumption that by running the above model, the amount of flue gas: 700000Nm3/h per hour processing as shown in the table of the flue gas composition, the system consumes citrate 41kg/h, water 16.2t/h, liquid gas 7.5L/Nm3, desulfurization efficiency of the system can reach 95%.
5 simulation results analysis3.1 Influence of inlet flue gas SO2 concentration on desulfurization efficiency Sensitivity analysis of the model is carried out, and other process conditions are kept constant. The inlet flue gas SO2 concentration is adjusted, and the relationship between the flue gas SO2 concentration and the desulfurization efficiency is obtained, as shown in figure 1. Calculation conditions: the amount of flue gas is 700000 Nm3/h, the absorption liquid circulation is 5250m3/h, the liquid gas ratio is 7.5L/m3, and the citrate absorption liquid flow rate is 1008 kg/h. Can be seen from Figure 2 , in the same condition, the desulfurization efficiency of the system decreased with the increase of entrance flue gas SO2 concentration, flue gas SO2 concentration increased from 1000mg/Nm3 to 5500mg/Nm3, the desulfurization efficiency is reduced from 98% to 88.5%. This is mainly due to the influence of the increase of SO2 concentration in the gas phase on the interphase mass transfer effect｡ Fig.2 . Effect of inlet flue gas SO2 concentration on desulfurization efficiency3.2liquidEffect of gas ratio on desulfurization efficiency Sensitivity analysis of the model is carried out, and other process conditions are kept constant, and the ratio of liquid to gas is adjusted. The influence diagram of liquid gas ratio on desulfurization efficiency is shown as shown in figure 3. Calculation conditions: the amount of flue gas is 700000 Nm3/h, the inlet flue gas SO2 concentration is 2.73g/Nm3, and the citrate flow is 1008 kg/h. As can be seen from Figure 3 , under the same conditions, the desulfurization efficiency increases with the increase of liquid gas ratio. The ratio of liquid to gas increases by about 11.5L/m3 from 2.5L/m3, and the desulfurization efficiency increases from 63% to 97%. Under actual operation conditionConsidering the desulfurization efficiency and operation cost, the ratio of liquid to gas in the flue gas desulfurization system of citrate method is chosen 7.5L/m3-10L/m3, which can meet the requirements of desulfurization efficiency greater than 95%. Fig.3 . Effect of liquid gas ratio on desulfurization efficiency Influence of flue gas volume on desulfurization efficiency The sensitivity analysis of the model, the constant of other process conditions, the adjustment of the inlet flue gas amount, and the influence of the amount of flue gas on the desulfurization efficiency are shown as shown in figure 4. Calculation conditions: the absorption liquid circulation is 5250m3/h, the inlet flue gas SO2 concentration is 2.73g/Nm3, the citric acid salt flow rate is 1008kg/h. As can be seen from Figure 4 , under the same conditions, the desulfurization efficiency of the system decreases with the increase of the amount of flue gas, the amount of flue gas increases from 250000Nm3/h to 700000Nm3/h, and the desulfurization efficiency is reduced from 99% to 95%. For a specific absorption tower, under the condition of other conditions unchanged, increasing the amount of flue gas, desulfurization efficiency will decline, on the contrary, efficiency will rise. Fig.4 .Effect of flue gas volume on desulfurization efficiency
Conclusion
In this paper, the theoretical analysis of the absorption of sulfur dioxide by citrate method and the numerical simulation of absorption tower and desorption tower in the main part of the desulfurization system are carried out, and the following conclusions are obtained:
(1) draw the process flow chart and equipment connection diagram, and understand the citrate method more directly.
(2) the phase equilibrium experimental data regression to two yuan of sulfur dioxide and citric acid parameters, of which two yuan NRTL thermodynamic model of interaction parameters under AIJ=0.061653 description, can well describe the actual situation. The citrate method desulfurization process of materialbalance, the results are as follows: the amount of flue gas per hour when dealing with 700000Nm3/h system consumes citrate 41kg/h, water 16.2t/h, oxidation air requirement for 2000kg/h, liquid gas ratio 7.5L/Nm3, desulfurization efficiency of the system can reach 95%.
Through the simulation analysis, it is concluded that the desulfurization efficiency of the system decreases with the increase of inlet flue gas SO2 concentration. When the concentration of SO2 in the flue gas is below 3000mg/m3, the desulfurization efficiency can be guaranteed to be above 95%. Increased with the increase of the ratio of liquid to gas, liquid gas ratio of 7.5 and above, can achieve a good desulphurization effect, and after the liquid gas ratio increases, desulfurization efficiency changed little; reduce with increase of amount of flue gas and flue gas in the amount can be within 700000m3/h to get better effect of desulfurization; absorption amount increased with the increase of citric acid absorption liquid, but increased to a certain extent after the change are not obvious.
The optimum conditions are as follows: the inlet gas concentration is 3000mg/m3, the flue gas volume is 700000m3/h; the absorption liquid gas ratio is 7.5; the citrate consumption is 41kg/h. In actual production, the actual situation needs to be considered.
